SHOP NOTES

These are “how to do it” papers. They should be written and illustrated so that the reader may easily follow whatever
instruction or advice is being given.
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We describe a simple fabrication method for the production of thin-metal stencils using the
overlayer film from lift-off patterning. While such stencils have been fabricated before using other
techniques, this method has several advantages. The advantages include the fact that this method
requires only the capability to perform standard lithography and thin-film deposition, but does not
require any dry etching or other sophisticated capabilities. In addition, by using the negative of the
lithographically defined pattern, we show that a small number of trenches of lateral size down to 100
nm, in an otherwise continuous stencil, can be produced using electron-beam lithography with very
little beam rastering necessdnge., small exposure timgsWe also argue that any group with access

to simple photolithography and thin-film deposition facilities should be able to make these stencils,
with openings much smaller than the lithography resolution lif80734-211X97)00202-3

Self-supported stencilcontinuous sheets with a defined thin-film bilayer (an easily dissolved buffer layer such as
set of openingsare of potential technological importance for aluminum, followed by the metal of choicis then deposited
several areas. In the integrated circuit industry, these applon the end surface of the array. Finally, the buffer layer is
cations include masks for thin-film fabrication proceduresetched away in solution, and the replica can then be picked
(such as deposition, ion millingor ion implantation that  up for use.
can be enhanced by the use of a stencil mask. Other appli- These replicas have been made in thin films of tungsten,
cations of metal or nonmetal stencils include fabrication ofmolybdenum, platinum, and gold, with packing densities as
devices for biomedical applicatioh® and innovative bio- high as 3<10° voids/cnf, and are obviously well-suited for
logical materials’ the production of large uniform arrays. They require access

There are previous reports of fabrication of thin-metalto a draw tower, however, and they are not as well-suited for
stencils by various procedures. One group has used standdfte production of custom lateral patterns due to the sophisti-
thin-film lithographic techniques to make gold gratings oncated procedure needed to modify the pattern. In addition,
top of SiN, membranes for x-ray astronorfiyDne important  they may not be well-suited for the opposite limit of a small
criterion for these gratings is that they be phase coheremtumber of specifically placed holes or for continuous lines or
over a large number of periods. Driven in part by this crite-large holes.
rion, the process to make these gratings is fairly lengthy; it In this work, we report on a simple process to make thin-
involves a holographic photolithography sequence followedilm stencils using electron-beam lithograptBL), which
by shadow deposition of Si) oxygen reactive-ion etch, consists of preparation of a bilayer resist, exposure to a ras-
gold electroplating, and oxygen-plasma etcHinylater ex-  tered electron beam, and development; this is followed by
tension of this procedutdo produce free-standing gratings deposition of aluminum. The stencil is then conveniently
involved a subsequent superposition of two additionalifted off by soaking in acetone, and can then be recaptured
(largep gratings for mechanical support, followed by etch on any desired substrata solid or one with open spages
removal of the underlying membrane. Although this process, which has succeeded in making

Another procedure to make thin-metal stencils involvestrenches with sizes down to 100 nm, does require access to
the production of replicas from arrays of nanochannelEBL, we believe that the analogous process using photoli-
glasse$. The glass arrays are made by repeated stacking artiography should allow any group to make similar stencils,
drawing of glass fibers, followed by cleaving the stack toalthough perhaps with a larger minimum feature size.
expose the cross section. Wafering, polishing, and acid etch- The fabrication process starts with the creation of a bi-
ing produce a cross section with a controlled porous structurkayer resist patterfrefer to the schematic in Fig.) tonsist-
when the original array is formed from fibers with etchableing of about 0.5 um of co-poly-methylmethacrylate
and nonetchable components. To make the metal replica, ® MMA) with about 0.1um of PMMA on top. The reason

for using this bilayer is that the co-PMMA has a much lower
dElectronic mail: neilz@eeel.nist.gov dose threshold than the PMMA, and thus provides the under-
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Fic. 1. Schematic of the procedurés) after lithographic exposure and
development of the bilayer resigh) after deposition of metal at two dif-
ferent angles, yielding asymmetric film profilgs) after liftoff and recap-

ture of the stencil onto a differepossibly with open holgsubstrate. Note
that the dual-angle deposition yields the potential for a stencil opening sub- (b)
stantially smaller than the lithographically produced one.

cut shown in Fig. 1. We made this bilayer by standard resist
spinning and baking. The EBL exposure used about 100
uClent for areal doses and 2 nC/cm for linear doses. For
each of the structures shown herein, the writing time was a
few seconds. We developed the written pattern for 2 min in a
solution of 1:3 MIBK:IPA (methyl isobutyl ketone:isopropyl
alcoho). This procedure results in the structure indicated
schematically in Fig. ().
We then deposited Al by resistive heating of an Al shot in

a vacuum of about I¥ Torr, with film thicknesses between

L

25 and 400 nm; in several cases the deposition was achieved 18kv X5,000 Skm 11449

from two separated sources and, thus, from different angles. ©)

In addition, we sometimes allowed a controlled oxidation of

the first deposited layer by introducing about 100 mTorr offic. 2. SEM micrographs of a 100-nm-thick stencil captured onto a Si
O, for 5 min. This entire procedur@ilayer resist, dual-angle wafer, at an oblique tilt of about 50°, and three different magnifications.

L . . : . : Note the well-formed nature of the square hole and trench; the firm edges,
deposmon with an intervening oxidatipwas deveIOped for and that the stencil has flattened against the solid substrate. Note also the

and is extensively used for the production of ultrasmallapsence of any pinholes or other imperfections.

Al/AIO /Al tunnel junctions. We have indicated schemati-

cally the structure after deposition in Figibl for the situa-

tion of a dual-angle deposition. Finally, we lifted off the transmission electron microscogiffEM) copper grids by
stencil by soaking the substrate in acetone for 2 h. The filmgulling the film out of the solution at the same time as the
come off the substrate in sections with sizes between a fewafer or grid.

mm and 2 cm(2 cm was the largest substrate size Qiséd Films with thicknesses of 25 or 50 nm were somewhat
convenient way to cut the film is by scratching either thefragile, and sometimes lifted off in pieces as small as a few
resist layer before deposition or the film after deposition;mm. Handling the pieces in acetone with a pair of tweezers
either way results in a clean break of the lifted-off film. We would sometimes cause them to rip. Films between 100 and
then “captured” the stencils onto glass slides, Si wafers, 0400 nm thick were quite robust; we generally succeeded in
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simply peeling them off the substrate with a pair of tweezers,
and we handled them in the acetone without any damage.
The upper limit of 400 nm was set only by the maximum
convenient deposition thickness available.

An example of a stencil produced in this way is pictured
in Fig. 2. This stencil was 100 nm thick, with an intervening
oxide layer of about 2 nm thickness, and was captured from
the acetone onto a Si substrate for convenient scanning elec-
tron microscope(SEM) examination. The area shown was
produced by an EBL exposure of a square Heldge length
1 um, and a single pass line drawn from this hole. These
micrographs were taken at an oblique tilt of about 50° so that
the film edges might be examined.

Several facts are obvious from these picturfds:except
for the small knob in the right-hand edge of the hole, the (@)
holes in the stencil are the exact negative of the rastered EBL
pattern, with well-formed, vertical edges. We note that the
ripples along the hole and trench edges are an artifact of the
60 Hz wavering of the rastered electron beam, and are not
intrinsic to the stencil productior(2) Over the area of ap-
proximately 20um by 30 um, there are no observable pin-
holes or other imperfections. Examination of many stencils
at lower magnificatiorinot shown demonstrated the absence
of pinholes over areas of at least 0.1 frt8) As indicated
by the substrate visible through the square hole, the stencil
has flattened against the substrate to within 10—2Qnecall
that the film thickness here is 100 hm

Since most applications of such stencils involve passage
of particles(ions, atoms, lightthrough the holes, it is impor-
tant to show that these stencils can also be captured onto  (b)
substrates that have open areas. Figure 3 shows SEM micro-
graphs of a stencil captured onto a TEM gfsdjuare copper
mesh with wire widths of um, and open squares with edge
length of 20um). We recorded these pictures with the grid
tilted at 50°; in this case the tilt was aligned with the trench.
Examination of larger holegnot shown indicates that the
stencil lies fairly flat against the grid, with no tearing or
breaking over the open areas. Again, the rastered pattern that
produced these holes was a line between two square holes. In
this case, the “line” was actually an area Qusn in width.

We can see several important facts from these micro-
graphs.(1) As in the case on the solid substrate, the holes in
this self-supported stencil are well-formed negatives of the
written patterns.(2) The low-magnification picturgFig.

3(c)] again shows no pinholes over an area ofi28 by 40 (©

um. (3) The high-magnification picture shows a useful fea-

ture of the dual-angle deposition: as indicated schematicallff'c: 3: SEM micrographs of a 400-nm-thick stencil captured onto a TEM

. . . . . . rid, at a tilt of 50° aligned along the trench. The areas shown are sitting
in Fig. 1(b), the holes in the bllayer resist can result in S‘Ub'over open areas in the grid, and the stencil is self-supported. The edge
stantially smaller holes in the final stencil. The trench showrprofile in the high-magnification pictur@) shows the potential for forming
here was produced from a resist hole u® wide. We can open!ngs_in the stencil that are much smaller than the_orig!nal Iithographic
see that the edge profile is beveled from about QuE7on  SPeT01  ase. he rgnal ey wes abou i i Agan

the bottom side of the stencil to about 0.281 on the top

side. Note the resemblance between this profile and the sche-

matic in Fig. Xc). Thus, by appropriate deposition geometry, access to photolithographic capabilities may still only be
workers can make stencil holes or trenches with openingable to produce stencils with holes substantially smaller than
substantially smaller than the lithographic resolution. Thisthe resolution limit. We note here that this will not be as
fact forms the basis for the contention that workers witheffective as for EBL(i.e., in Fig. 3 we see about a factor of

g
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3 decrease in the trench widtkince the ratio of film thick- mm? This process is particularly well-suited for applications
ness to lithography resolution will be smaller for photoli- that need small numbers of precisely located and precisely
thography. In addition, it appears that nonuniformities in theshaped holes.

resist (the ripple along the trench arises from 60 Hz noise

during the EBL exposudemay be amplified by the beveling ACKNOWLEDGMENTS
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